Wehave previously proposed the occurrence of a "raw starch affinity site" on enzyme molecules, first of the raw-starch-digesting A. awamori var. kawachi glucoamylase I (GA I) [1] [2] [3] [4] as the essential site5~7) for raw starch digestibility apart from the catalytic site. Later, we applied the "affinity site" theory to fungal ocamylase,8) endocellulase, and exocellulase,9~12) which could adsorb onto the surface of a starch granule or crystalline cellulose and subsequently digest them. The fungal insoluble substrate digesting enzymes were divided into two types, the affinity-site carrying enzyme and the affinity-site deficient enzyme. The former group contained raw-starch-digesting oc-amylase, glucoamylase, and crystalline-cellulosedigesting endocellulase and exocellulase. The latter group contained raw-starch-nondigesting a-amylase, glucoamylase, and crystallinecellulose-nondigesting endocellulase and exocellulase.
Hog pancreatic a-amylase13) also digests raw starch and adsorbs onto raw starch granules. We, therefore, expected the presence of a functional fragment such as glycopeptide-I (Gp-I)3) derived from A. awamori GA I, in hog pancreatic a-amylases. This paper describes the purification of two enzymatically inactive fragments derived from tryptic-digested hog pancreatic a-amylase and their functions.
Materials and Methods
Chemicals and enzymes, a-amylase (from hog pancreatin) and trypsin were purchased from Sigma Chemical Co. Corn starch and potato starch (Japanese Pharmacopoeia) were purchased from WakoPure Chemical Co., Ltd. and Maruishi Pharmaceutical Co., Ltd., respectively. A.
awamori var. kawachi glucoamylase I (GA I) and B. subtilis 65 a-amylase were purified by the methods described previously. 1 )14)
Measurement of enzyme activity. Glucoamylase activity1) and a-amylase activity8-14* were measured by the methods described previously.
Measurementofadsorption on and digestion of raw starch. Adsorption on and digestion of raw starch were measured by the methods described in our previous paper. X) Reducing sugar released from raw starches was measured by the method using DNS (3,5-dinitrosalicylic acid) 15) and calculated as glucose. The hydrolysis ratio expressed as glucose (%) was calculated.1}
Purification of Gp-pan P and Gp-pan I. The purified preparation of pancreatic a-amylase solution was denatured by heating at 100°C in a water bath for 6min, and 10 ml of the inactivated a-amylase preparation (40 mg/ml of 0.05m phosphate buffer, pH 6.8) was mixed with 4mg of trypsin. The reaction mixture was incubated at 25°C
for 24 hr, then the insoluble material formed was removed by centrifugation (12,000 #, 20min).
Supernatant, tryptic digested a-amylase, was put on a Sephadex G-75 column (3.3 by 100cm) . Elution was done with deionized water for fractionation. Each fraction (4 ml) was collected separately and lyophilized. The lyophilized sample was dissolved in 0.05m phosphate buffer, pH 5.5, and put on a DEAE-SephadexA-50 column previously equilibrated with 0.05m phosphate buffer, pH 5.5, then eluted with a linear gradient of0 to 0.5M sodium chloride in 0.05 m phosphate buffer, pH 5.5. Fractions of Gp-pan P and Gp-pan I were collected and lyophilized. These were chromatographed by HPLC (Jasco model Tri Rotar V) with a Syncropak AX-300 column.
Polyacylamide gel electrophoresis. Disc gel electrophoresis in 7.5% polyacrylamide gel at pH 7.3 in Tris-asparagine buffer was done by the method of Hedrick and Smith. 16) Molecular weight was estimated by SDS-PAGE, using a 7.5% polyacrylamide gel.17)
Carbohydrate analysis. Total carbohydrate in Gp-pan P and Gp-pan I was measured by the method using phenol-sulfuric acid, 1 8) and the carbohydrate components were analyzed by gas-liquid chromatography (Hitachi model 163 gas chromatograph) with a stainless steel column containing 10% silicon SE-52. The column temperature was programmedto increase from 125°C to 250°C at a rate of2°C per min.
Analysis of amino acid composition. Gp-pan P and Gp-pan I were hydrolyzed with 6n HC1 at 1 10°C for 24hr and the amino acids of these peptides were identified by the methods of Speckman et al.19) Identification of N-terminal and C-terminal amino acids. The N-terminal amino acid was identified using polyamide sheets by the DABITCmethod of Chang et al.20) Fractions II-3 and II-4 were further purified tion (retention time 28min) that had raw starch adsorbability was designated Gppan P (Fig. 3A) and the fraction (retention time 35 min) that also had raw starch adsorbability was designated Gp-pan I (Fig. 3B) .
Properties of Gp-pan P and Gp-pan I (i) Molecular weight. The purified preparations of Gp-pan P and Gp-pan I were homogeneous on disc gel electrophoresis (Fig. 4 ).
Molecular weights of Gp-pan P and Gp-pan I were measured by SDS-PAGEas approximately 20,000 and 30,000, respectively, (ii) Carbohydrate contents. The carbohydrate A polyacrylamide gel (7.5%) column, pH 7.3, was used. About 10fig of samples were used and 2mAper column (0.5 by 8cm) was applied for 120min. Staining was done with 0.005% Coomassie brilliant blue R-250.
by HPLCon a Syncropak AX 300 column.
The secondary chromatogram of HPLC is shown in Fig. 3 . The eluted glycopeptide frac-contents of Gp-pan P and Gp-pan I were 10% and 7%, respectively. These carbohydrates were composed of TV-acetylglucosamine, fu- cose, galactose, and mannose (Table I) .
(iii) N-terminal and C-terminal amino acids.
N-terminal amino acids of Gp-pan P and
Gp-pan I were Gly-Trp and Ala-Val, respectively. The C-terminal amino acids of Gp-pan P and Gp-pan I were Gly-Arg and Ile-Lys, respectively.
(iv) Amino acid composition. The amino acid compositions of Gp-pan P and Gp-pan I were analyzed by the amino acid analyzing system. Gp-pan P and Gp-pan I had abundant Asx residues and the hydroxy amino acids, Thr and Ser (Table II) .
Effects of Gp-pan P and Gp-pan I on the digestion of raw starch
Neither Gp-pan P nor Gp-pan I had a-amylase activity by itself but they are specifically adsorbed onto raw starch just like Twenty-five mg of raw corn starch, 1 ml of Gp-pan P or Gp-pan I solution in 0.1 m Mcllvaine buffer (pH 3.8), 3ml of deionized water, and l ml of enzyme solution (lOU/ml) were mixed and incubated at 30°C.5) Reducing sugar released was measured by the DNSmethod. Symbols: Digestion curve of GAI on raw corn starch (#), GA I and Gp-pan P (å¡), GA I and Gp-pan I (A), Gp-pan P (å ), Gp-pan I (A). A, amount of Gp-pan P in the reaction mixture was 1mg; B, 3mg; C, 5mg; D, 10mg; E, amount of Gp-pan I in the reaction mixture was 1 mg; F, 3mg; G, 5mg; H, 10mg. Fig. 6 . Effects of Gp-pan P and Gp-pan I on RawCorn Starch Digestion ofB. subtilis 65 a-Amylase. Twenty-five mg of raw corn starch, 1 ml of Gp-pan P or Gp-pan I solution in 0.1 Macetate buffer (pH 6.0), 3 ml of deionized water, and 1 ml of B. subtilis 65 a-amylase solution (10 U/ml)14) were mixed and incubated at 30°C.5) Reducing sugar released was measured by the DNSmethod. Symbols: Digestion curve of B. subtilis 65 a-amylase on raw corn starch (0), B. subtilis 65 a-amylase and Gp-pan P (å¡), B. subtilis 65 a-amylase and Gp-pan I (A), Gp-pan P (å ), Gp-pan I (A). A. amount of Gp-pan P in the reaction mixture was 1 mg; B, 3 mg; C, 5mg; D, 10mg; E, amountofGp-panIinthereactionmixturewas 1 mg; F, 3 mg; G, 5mg;H, 10mg.
Discussion
In fungal a-amylases, 10) glucoamylases,1' 2' 40 and cellulases,9~12) the digestibilities of insoluble substrates such as raw starch and crystalline cellulose were always paralleled by their adsorbability onto these substrates. Raw-starch-adsorbable, raw-starch-digesting GAI ofA. awarnori v&r. kawachiw&sconverted to raw-starch-unadsorbable, raw-starch-nondigesting GA F4) with liberation of Gp-I,3) which retained its raw starch adsorbability and promoted the digestion5) of raw corn starch by GAI. Based on the data from these fungal amylases, we have speculated on the presence of a functional Gp-I-like peptide in hog pancreatic a-amylase, and eventually isolated Gp-pan P and Gp-pan I.
The amino acid composition of Gp-I, corresponding to the raw starch affinity site of GA I, was characteristically abundant in hydroxy amino acids such as Thr and Ser5) with oligomannoside chains attached. Gp-pan P and Gp-Pan I also showed a characteristic amino acid composition abundant in hydroxy amino acids like Gp-I, and moreover, both peptides also had abundant Asx residues. Gp-pan P and I contained carbohydrates composed of 7V-acetylglucosamine, fucose, mannose, and galactose. According to the characteristics and functions, we speculated that these peptides might be the domain essential for the occurrence of raw starch adsorbability and digestibility of hog pancreatic a-amylase.
At first, Gp-pan P might be adsorbed onto the starch granule at this domain with hydrogen bonding, and weaken the hydrogen bond between the starch micelles of the starch granule. Subsequently, the digestion of raw starch by GAI and B. subtilis 65 a-amylase might be promoted in the same manneras with Gp-I.5) On the contrary, when Gp-pan I was adsorbed onto raw starch, due to its large size, it might inhibit the adsorption of GAI and attack by a-amylase three-dimensionally. The adsorption site of the starch granule, i.e., the starting point of raw starch digestion on the surface of the starch granule might be occupied by Gp-pan I with hardly any space left for GA I to be adsorbed or for a-amylase to attack. Thus the digestion rates of these enzymes on raw starch might be inhibited.
As in the case of the hog pancreatic a-amylase, the "affinity site" apart from the catalytic site on the enzyme molecule is essential for the occurrence of raw starch adsorbability and raw starch digestibility.
